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本文使用了 Hull-White 模型、Black-Karasinski 模型和 Black-Derman-Toy 模
型，并根据风险利率定价和无风险利率下的违约概率定价两种不同的定价过程，
对 2015 年 1 月 1 日到 2015 年 12 月 31 日在中国市场中流通且交易天数最多的 60
支可回售债券进行定价，发现 Hull-White 违约率模型在六种模型中表现最好。之
后我们把 Hull-White 违约率模型在 2015 年期间的定价误差作为被解释变量，选
取了与宏观经济水平、企业微观经营状况和债券流动性水平相关的一共 9 个变量
作为解释变量进行面板数据回归，并根据回归系数对 2016 年 1 月 1 日到 2016 年










































In this thesis, we evaluated 60 most traded puttable bonds in Chinese bond market 
between January 1, 2015 and December 31, 2015, applying Hull-White model, Black-
Karasinski model and Black-Derman-Toy model in combination with two different 
pricing processes: risky interest rate pricing method and the probability of default pric-
ing method. The systematic comparison indicates Hull-White default rate model gives 
the best performance among the six models. Then we introduced ten variables, which 
are related to macroeconomic condition, corporate management condition and bond li-
quidity, to interpret the pricing errors from the application of Hull-White default rate 
model to 2015 data and took those panel data regression coefficients to correct pricing 
results between January 1, 2016 and June 30, 2016. The pricing results significantly 
improved after correction for a better fitting and prediction to the real trading prices. 
Finally, we demonstrated that the traditional financial theory and the panel data analysis 
method should be combined to comprehensively evaluate the option-embedded bonds 
in Chinese bond market. 
















 目 录  
第一章  引言 ................................................................................................ 1 
1.1  可赎回债券和可回售债券的定义 ......................................................... 1 
1.2  可赎回债券和可回售债券的分类 ......................................................... 2 
1.3  可赎回债券和可回售债券的发展状况 .................................................. 3 
1.4  研究内容、方法和意义 ...................................................................... 5 
第二章  可赎回债券和可回售债券的条款 ....................................................... 8 
2.1  可赎回债券和可回售债券的基本条款 .................................................. 8 
2.2  赎回条款 ........................................................................................... 9 
2.3  回售条款 ........................................................................................... 9 
第三章  文献综述 ....................................................................................... 12 
3.1  含权债定价理论的发展 .................................................................... 12 
3.2  信用债利差的研究与实证 ................................................................. 15 
3.3  实证方法选择 .................................................................................. 18 
第四章  含权债定价模型及定价误差分析模型 .............................................. 19 
4.1  短期利率模型 .................................................................................. 19 
4.2  三叉树的构建过程 ........................................................................... 21 
4.3  三叉树定价模型举例 ........................................................................ 25 















第五章  含权债定价实证 ............................................................................. 35 
5.1  数据来源和样本选取 ........................................................................ 35 
5.2  含权债定价结果 ............................................................................... 39 
5.3  敏感性分析 ...................................................................................... 47 
第六章  含权债定价误差分析 ...................................................................... 53 
6.1  定价误差解释变量 ........................................................................... 53 
6.2  模型选择与假设检验结果 ................................................................. 56 
6.3  面板数据回归结果 ........................................................................... 57 
6.4  定价误差预测及修正后的定价结果 ................................................... 62 
第七章  结论 .............................................................................................. 64 
参考文献 ..................................................................................................... 66 
附录 ............................................................................................................ 68 























Chapter1  Introduction ............................................................................................. 1 
1.1  Definition of Option-Embedded Bonds ......................................................... 1 
1.2  Classification of Option-Embedded Bonds ................................................... 2 
1.3  The Development of Option-Embedded Bonds ............................................ 3 
1.4  Methodology and Meanings ........................................................................... 5 
Chapter2  Terms of Option-Embedded Bonds ....................................................... 8 
2.1  Basic Terms of Option-Embedded Bonds..................................................... 8 
2.2  Call Option Terms .......................................................................................... 9 
2.3  Put Option Terms ........................................................................................... 9 
Chapter3  Literature Review .................................................................................. 12 
3.1  The Reserch on Option-Embedded Bonds Pricing Theory ...................... 12 
3.2  The Reserch on Credit Spread of Corporate Bonds .................................. 15 
3.3  Empirical Methodology Comparision ......................................................... 18 
Chapter4  Option-Embedded Bonds Pricing Model and Pricing Errors Analysis 
Model ..................................................................................................... 19 
4.1  Short Interest Rate Model ............................................................................ 19 
4.2  Construstion of Trinomial Tree ................................................................... 21 
4.3  Pricing Option-Embedded Bonds by Trinomial Tree ............................. 255 
4.4  Panel Data Model .......................................................................................... 28 
Chapter5  Pricing Results of Option-Embedded Bonds ....................................... 35 
5.1  Data Sources and Sample Selection............................................................. 35 
5.2  Pricing Results of Option-Embedded Bonds .............................................. 39 















Chapter6  Pricing Errors Analysis of Option-Embedded Bonds ........................ 53 
6.1  Explanatory Variables of Option-Embedded Bonds ................................. 53 
6.2  Model Selection and Results of Hypothesis Tests ...................................... 56 
6.3  Panel Data Regression Results ..................................................................... 57 
6.4  Prediction of Pricing Errors and Pricing Results of Error Correction ... 62 
Chapter7  Conclusion .............................................................................................. 64 
References ................................................................................................................... 66 
Appendix ..................................................................................................................... 68 

























































































 𝑃𝑃 = 𝑃𝑁 + 𝑃 （1.2） 
相当于债券发行人持有期权的空头，投资人持有期权的多头。 









































截止到 2017 年 1 月 31 日，我国市场上正在流通的含权债券（含有可赎回期
权和可回售期权的债券）一共有 5447 支，其中可赎回债券 1085 支，可回售债券
4362 支，流通中的可回售债券的数量约为可赎回债券数量的四倍。按照不同年
份对含权债发行数量进行统计可知，2016 年共发行含权债 2464 支，2015 年发行
2067 支，2014 年发行 1812 支，2013 年 898 支，2012 年发行 1059 支，2011 年
























另外，对截止到 2017 年 1 月 31 日中国市场上正在流通的 5447 支含权债券
的发行行业进行统计可知，建筑业发行的含权债券数量最多为 978 支，其次为综
合行业共有 896 支，制造业发行的含权债券数量为 826 排在第三位，之后是房地
产业和金融业，发行含权债券数量分别为 789 支和 730 支。图 1.3 展示了全部

















图 1.2  中国含权债各年度发行金额（数据来源：Wind 数据库） 
图 1.3  中国市场流通中的含权债券发行行业统计（数据来源：Wind 数据库） 




































型和 HW 违约率模型，BK 风险利率模型和 BK 违约率模型以及 BDT 风险利率





筛选出 2015 年 1 月 1 日到 2015 年 12 月 31 日之间交易天数最多的 AAA 级、




























们选择了在 2015 年 1 月 1 日到 2015 年 12 月 31 日这段时间内六种模型设定中
定价结果最优的 HW 违约率模型的定价误差作为被解释变量，选择了四种反映
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